The treatment of neonatal coliform meningitis even in modem times has been thoroughly unsatisfactory (Yu and Grauaug, 1963) . This paper reports our experience of this disease in Glasgow in the past 15 years in an attempt to analyse the causes of failure and to assess the value of the various forms of treatment in use.
Subjects and methods
There were 36 newborn infants with coliform meningitis in the period between 1960 and 1974 at the Queen Mother's Hospital, Royal Maternity Hospital, and the Royal Hospital for Sick Children, Glasgow. The criterion of diagnosis was the presence of a purulent cerebrospinal fluid (CSF) (with a positive CSF culture in all but one in whom Esch. coli was grown from the blood), or the histology of the meninges in 4 patients who died before diagnosis. All the 14 survivors were traced and 13 have been examined. Preschool children were assessed on the Mary Sheridan Scale of development and school reports were obtained on the children of school age.
Results
Of the total number of 36 (Nellhaus, 1968) , probably due to arrested hydrocephalus but air studies were not thought to be justified. His scholastic performance is average, he has difficulties with co-ordination but not with spatial orientation. The other 5 children are performing normally at school.
Six of the 7 preschool children are developing normally, though 2, a boy and a girl, have large heads (51 5 cm and 51 cm at 18 months) above the 98th centile (Nellhaus, 1968) . The seventh is slow, development being about 2j years at a chronological age of 3i years and she has a drain for hydrocephalus. Unsatisfactory social circumstances may also be a factor in this child's delayed development.
Seven of the 8 children who died later had a drainage operation for hydrocephalus, the ages of death being from 5 months to 9 years. The other patient died of a pseudomonas urinary infection at the age of 2 months and he had dilated ureters and a large bladder. -6) and there was a longer interval between the onset of symptoms and the time of diagnosis. There was, however, some overlap between the groups. The most common early signs (Table III) were convulsions, failure to feed, and pyrexia. A bulging fontanelle was less common and neck stiffness and head retraction very uncommon. The initial CSF specimen was virtually clear in 3 patients (Table IV) and sterile in 2 of these. All 3 had meningitis with a positive Esch. coli culture on the second lumbar puncture, though 2 of these patients received an aminoglycoside antibiotic (Table IV) .
Of particular interest are the 3 patients who did not have meningitis at their first lumbar puncture. These 3 patients had a septicaemic illness at the time of presentation and 2 of them received antibiotics which are commonly used in the newborn period. Although the organism was sensitive in vitro to the aminoglycoside antibiotic used these 2 patients developed meningitis. Aminoglycosides do not cross the uninflamed meninges (Riley et al., 1971; Garrod, Lambert, and O'Grady, 1973) and it is likely that bacterial colonization of the CSF occurred before inflammation of the meninges could permit an antibiotic to cross into the CSF. Unfortunately, even the use of an antibiotic which diffuses more readily into the CSF such as chloramaphenicol may not always prevent the above sequence of events. One patient who died received chloramphenicol as antibacterial prophylaxis for prolonged rupture of the amniotic membranes but the dosage was inadequate at only 30 mg/kg body weight (Case 27 in Appendix).
The CSF was heavily blood stained in 3 patients, remaining so throughout their illness. Subarachnoid haemorrhage without infection should not be diagnosed in the neonatal period without careful consideration of the possibility of Esch. coli meningitis. The patient who relapsed after 18 days of treatiment and the other 5 patients not diagnosed at initial lumbar puncture illustrate the importance of obtaining repeated specimens for bacteriology in unwell babies even though they are receiving antibiotics.
It is not possible to be definite about the efficacy of the antibiotics used because of the variety of treatments given. However, apart from the sulphonamides, chloramphenicol diffuses more readily into the CSF than any of the other antibiotics used (Garrod et al., 1973) . Bacterial resistance to chloramphenicol is low if chloramphenicol is not routinely used in the newborn nursery (Dery, Marks, and Mackay, 1975) .
At present all Esch. coli are sensitive to gentamicin (Dery et al., 1975; McAllister, 1975) . Gentamicin has been used to treat coliform meningitis without intrathecal injection (Zoumboulakis et al., 1972) and adequate CSF levels without intrathecal injections have been achieved in some cases (Riley et al., 1971; McCracken, 1972) . Unfortunately the giving of antibiotics intrathecally at lumbar puncture may only serve to sterilize the lumbar CSF as the antibiotics may not rise to the basal cisterns (Rieselbach et al., 1962; Di Chiro, 1964; Rahal et al., 1974) . Further, a controlled trial of 110 patients with neonatal meningitis due to enteric bacteria showed that intrathecal gentamicin was of little therapeutic advantage (McCracken, 1975) . This was so in spite of the fact that on intravenous or intramuscular therapy alone it can be difficult to obtain kanamycin or gentamicin levels in the CSF which are consistently greater than the minimum inhibitory concentration of the organism (McCracken, 1972; Moellering and Fischer, 1972) . Although in some patients the infection is well advanced and irreparable damage has already occurred at the time of diagnosis, in others prompt sterilization of the CSF may favourably affect the outcome (McCracken, 1972 
Addendum
Since the submission of this paper there have been 6 more patients with coliform meningitis. One died shortly after admission to hospital and 5 survive but only 2 apparently unscathed (mean birthweight 3 3 kg; organisms, Esch. coli 3, proteus 1, mixed and unclassified coliforms 2). Chloramphenicol 50-75 mg and gentamicin 6-8 mg/kg body weight/day were the antibiotics used in the 5 survivors. The nonspecificpresentation of coliform infection undoubtedly contributed to late diagnosis and the poor results of treatment in 2 cases.
In one patient the CSFwas evenly blood-stained (sugar 2mmol/l; 36mg/100ml)andtherewereveryfewwhitecells present. There were, however, scanty organisms on the Gram film and the culture was positive for Esch. coli. This case particularly shows the importance of examining blood-stained CSF with great care when infection is suspected in the newborn. Details of treatment in 
